Soybean is a prospective source of biofuel in Indonesia due to adaptive in Indonesian agro ecology, which is 75 d to 85 d to maturity, and high oil seed content. A total of twelve soybean genotypes tested in eight locations in Indonesia in 2013 to assess its potential yield and seed oil production. Seed yield stability was assessed by (Additive Main Effect and Multiplicative Interaction) AMMI method. The seed yield range was 2.15 t ha -1 to 2.79 t ha -1 with an average of 2.54 t ha -1
Nomenclature

AMMI
additive main effect and multiplicative interaction ANOVA analysis of variance GEI genotype by environment interaction PC principal component d days t ton = 10 3 kg % db percentage on dry basis FER fossil energy ratio bu/A bushel per acre
Introduction
Food, energy, and climate change are the significant threats facing the world today. Indonesia as an archipelago and also has a large population of 250 × 10 6 , will be directly facing to the issues of food and energy security. The increasing number of population is positively correlated with the energy and food demands.
The main source of energy in Indonesia comes from fossil energy. Scientists estimate that fossil energy in Indonesia is in a critical status. Indonesia has numerous of genetic resources, there are more than 60 oil-producing from plant that can be processed into fuel oil, for example soybean, corn, wheat, palm oil etc. [1] . Soybean was not only as a food crop but also as a potential source of greening bio-energy. Researchers elucidated that both corn grain ethanol and soybean biodiesel produce more energy compared with energy to grow the crops and convert into biofuels. The amount of energy each returns differs greatly. Furthermore, soybean biodiesel returns 93 % more energy than is used to produce it, while corn grain ethanol currently provides only 25 % more energy. Assessment result of producing sunflower oil proved to be negative energy and costly in terms of dollars. Although soybeans contain less oil than sunflower, about 18 % soy oil compared with 26 % oil for sunflower, soybeans can be produced without or nearly zero nitrogen. This makes soybeans advantageous for the production of biodiesel [2] .
A study of comparative advantages to the use of soybean as a source of biodiesel showed a very strong indication that the soybean biodiesel has a favorable NER (net energy ratio) more than 2.08 [3] . Because of economic value of the energy from biodiesel was higher, the ESR was higher than the RF (renewability factor). The analysis resulted in a mean ESR (economic sustainability ratio) of 4.43. This indicated that biodiesel process on average returns 4.43 times to the cost of the energy input. The results indicated that soybean biodiesel is both renewable and economically sustainable. It is also mentioned that for biodiesel production, there are two problems: the relatively low yields of oil crops ranging from 1 500 kg ha -1 for sunflower to about 2 700 kg ha -1 for soybeans; sunflower averages 25.5 % oil, whereas soybeans average 18 % oil. In addition, the oil extraction processes for all oil crops is highly energy intensive as reported in this manuscript. Therefore, these crops are poor producers of biomass energy [2] . The yield of sunflower also is lower than soybeans, 1 500 kg ha -1 for sunflower compared with 2 668 kg ha -1 for soybeans [4] . The first comprehensive analysis of the full life cycles of soybean biodiesel and corn grain ethanol shows that biodiesel has much less of an impact on the environment and a much higher net energy benefit than corn ethanol, but that neither can do much to meet US energy demand [5] . The aim of the study was to identify the stability of soybean seed yield and to determine the seed oil content of each soybean genotype.
Materials and methods
Research materials consist of ten soybean promising lines and two commercial varieties as check (Anjasmoro and Grobogan). The experiments were conducted in eight soybean production centers, i. SP36 and 75 kg ha -1 KCl were applied before sowing time. Weed, insect and disease were controlled intensively.
To determine the effects of GEI (genotype by environment interaction) on yields, the data were subjected to AMMI [6] as follows:
The ANOVA model is
The AMMI model is The results of the AMMI model analysis were interpreted by a biplot between Principal Component (PC) Axis 1 versus PC Axis 2. A genotype or an environment with a PC score close to zero showed the small interaction effect and considered as stable.
Analysis of seed oil content was done by taking seed randomly from eight locations for each genotype. Measurement of seed oil content conducted at the Balitkabi's Laboratory of Food Chemistry. Seed oil content was measured by the method of direct extraction with Soxhlet (SNI 01-2891-1992). Lipid obtained from these measurements was used to convert the seed oil production per hectare of each soybean genotype.
Result and discussion
Seed yield
Soybean yield was resultant from genetic and environmental potential. The seed yield of twelve soybean genotypes varied from 2.15 t ha -1 to 2.79 t ha -1 with an average of 2.54 t ha -1 . The yield of the check varieties of Anjasmoro and Grobogan were 2.60 t ha -1 and 2.15 t ha -1 , respectively. Seed yield potential of Grobogan was less than optimal, and had the lowest yield than eleven other tested genotypes (Table 1) . ). Promising lines that have the genetic potential for high yield were prospected to be developed as source of raw material for soybean seed oil.
Seed yield stability
Environment for soybean cultivation in Indonesia is very diverse, both because of the diversity of macro and micro environment. This is in contrast to soybean cultivation in sub-tropical region. The diversity of the environment requires the availability of soybean varieties with both of a high yield and a relatively small seed yield fluctuations across locations. The terminology is generally referred to as stable varieties.
The analysis of variance results are presented in Table 2 . Analysis of Variance (ANOVA) elucidated that seed yield were significantly affected by G, E and GEI. The highest percentage of variation was explained by E main effect (36.97 %), while G and GE effects explained the rest of variation (7.2 % and 16.46 %, respectively). This reflects the important role of the environment in influencing achievement of optimum seed yield. Moreover, environment for soybean cultivation in Indonesia is very diverse, so establish the most appropriate varieties is very important. Previous research showed the greater environmental role compared to the role of the genotype, and GEI [7] [8] [9] . Note: DF = degree of freedom, SS = Sum of Squares, MS = Mean of Squares, ** = significant at 1 % probability level (p < 0.01), PC = Principal Component.
The AMMI analysis partitioned the sum of squares of GEI into seven principal components (PC), of which the first two PC were significant (Table 2) . Result from AMMI model showed that PC1 and PC2 captured 40.92 % and 20.92 % of the SS G×E, respectively. Two interaction principal components for AMMI model have explained 70.43 % of the GEI sum of squares. Two interaction principal components for AMMI model was sufficient for predictive model, hence the assessment of seed yield stability of each genotype can be based AMMI2 biplot (the PC1 and PC2 scores of genotype and environments are plotted against each other). AMMI biplots are given in Figure 1 .
A genotype or an environment with an IPCA score close to zero indicated small interaction effect and considered as stable [10] . Based on AMMI biplot (Fig. 1) , there were five stable genotype (G5, G7, G9 and G10). Genotype with both of high yield and stable was G9 (2.67 t ha -1 ). Stable and high yielding soybean genotypes in various soybean production centers in Indonesia is important to support the supply of biodiesel feedstock. 
Potential of soybean oil production
Seed oil content of 12 soybean genotypes varied from 16.57 % to 18.85 % with an average reach 17.6 % ( Table 3) . Three genotypes, i.e. G4 (18.77 %), G9 (18.85 %) and G10 (18.23 %) had higher oil content than the check variety Grobogan. Based yield and seed oil content, it can be estimated the potential production of soybean seed oil. Table 3 showed that the production of oil seeds was ranged from 389.12 % to 504.00 % with an average 448.04 %. From these facts it can be concluded that the production of seed oils is determined both by the seed yield and oil seed content. Grobogan varieties have the highest seed oil content (18.13 %), but the seed oil content was only 389.12 kg ha -1 , due to the low seed production. A study in USA showed that one bushel (27.22 kg) of soybeans can yield 1.5 gal (5 6776 L) of biodiesel or equivalent with 499.62 kg ha -1 [11] . Biodiesel production using soybean required 27 % more fossil energy than the biodiesel fuel produced [2] . The fossil energy ratio (FER) of soybean biodiesel is expected to reach 4.69 when projected soybean yield reaches 45 bu/A in 2015. This is about a three percent increase compared to the 2002 FER estimate. This result suggests that the FER of biodiesel will continue to improve over time. In addition to higher yields, improvements can be expected to occur in other areas of the life cycle as the agricultural sector, along with the biodiesel industry, continues to make energy efficiency gains in order to lower production costs [4] . The improvements are primarily due to improved soybean yields and more energy efficient soybean crushing and conversion facilities. Genotype G9 had the highest seed oil production (504 kg ha -1 ) and stable across environments based on AMMI model.
Agronomic character
Days to maturity of 12 soybean genotypes was varied from 74 d to 84 d, the seed size from 11.49 g to 19.43 g per 100 seeds (average of 13.05 g per 100 seeds) and plant height ranges from 52.55 cm to 76.71 cm (average 71.17 cm) ( Table 4) .
The era of global climate change that has occurred at this time increases the chances of el-nino, which is the impact in increasing of the drought intensity. Soybean with early maturing day (< 80 d) is considered to be more tolerant to drought stress through escape mechanism. G9 which has been identified as a high seed yield and stable in a wide range of soybean production centers in Indonesia, has days to maturity of 80 d, medium seed size (12.26 g per100 seeds), and the plant height average reached 72.74 cm. Generally, the days to maturity of soybean in sub-tropical regions (USA, Japan, South Korea, etc.) reached 120 d. The production of soybean seed oil in USA is 499.62 kg ha -1 with days to maturity up to 120 d. Genotype G9 was able to produce seed oil 504 kg ha -1 with days to maturity up to 80 d. This overview provide hopes that the biodiesel development in Indonesia is quite prospective.
Conclusion
Soybean oil is potential biodiesel source. Soybean genotype G9 (L.Jateng×Sinabung-85) produce yield 2 670 kg ha -1 and its seed oil production reached 504 kg ha -1 . The days to maturity of G9 was 80 d. Genotype G9 prospective to be developed as biodiesel resource in Indonesia.
